Processing of Histamine-Induced Itch in the Human Cerebral Cortex: A Correlation Analysis with Dermal Reactions  by Darsow, Ulf et al.
Processing of Histamine-Induced Itch in the Human Cerebral
Cortex: A Correlation Analysis with Dermal Reactions
Ulf Darsow,*² Alexander Drzezga,³ Max Frisch,* Frank Munz,³ Florian Weilke,§ Peter Bartenstein,³
Markus Schwaiger,³ and Johannes Ring*²
*Division of Environmental Dermatology and Allergy GSF/TUM, ²Department of Dermatology and Allergy Biederstein, ³Department of Nuclear
Medicine, and §Department of Neurology, Technical University Munich, Germany
The subjective sensation of itch is a complex
emotional experience depending on a variety of
factors. In this study, the central nervous processing
of pruritus was investigated in a human model.
Activation of involved cerebral areas was correlated
to scales of nociception and skin reactions. Six
healthy male right-handed subjects participated in a
standardized epidermal stimulus model with nine
increasing doses of histamine dihydrochloride
(0.03%±8%) on their right forearms. Controls
consisted of three NaCl stimuli. Cerebral activation
patterns were determined by H2
15O positron emis-
sion tomography 120 s after stimulation. Dermal
reactions to the stimulus (wheal, ¯are, temperature)
were coregistered during the procedure. Itch sensa-
tion was determined by visual analog scale rating.
Pain was not reported during the study; all volun-
teers had localized itch from 0.03% histamine on.
Subtraction analysis versus control revealed signi®cant
activation of the left primary sensory cortex and
motor-associated areas (mainly primary motor
cortex, supplementary motor area, premotor cortex).
Predominantly left-sided activations of frontal, orbi-
tofrontal, and superior temporal cortex and anterior
cingulate were also observed. Correlation analysis
revealed coactivation of dermal reactions and cere-
bral response to itch in the following Brodmann
areas with a Z score greater than 5: wheal, areas 5
(bilateral) and 19 (right); ¯are, areas 2±5 (left); tem-
perature, area 10 (left) and left insula. Itch intensity
ratings were mainly correlated with activation of the
left sensory and motor areas. Functional covariates
of the itch sensation in the central nervous system
were identi®ed. The intention to pruritofensive
movements is probably mirrored by the activation of
motor areas in the cortex. Other areas may be
involved in emotional processing of sensations. Skin
reactions wheal and ¯are also had signi®cantly acti-
vated covariate areas in the central nervous system.
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tch has been de®ned as an ``unpleasant sensation with the
urge to scratch'', a de®nition that has not been replaced by
other descriptions over hundreds of years (Hafenreffer,
1660). The peripheral pathways of neural signaling of itch
are principally known (Shelley and Arthur, 1957; Tausk
et al, 1993). The receptor, a subpopulation of chemosensitive
unmyelinated C ®bers, is still under investigation (Handwerker et al,
1991; Forster et al, 1995; Schmidt et al, 1995; Schmelz et al, 1997).
On the other hand, not much is known about the central nervous,
supraspinal processing of itch and the corresponding scratch
response (Bernhard, 1994). There is evidence for spinal gating of
the sensation (Melzack and Wall, 1985; Bromm et al, 1995) as well
as for emotional modulation of the perception of itch (Panconesi,
1984; Droge et al, 1986; Gupta et al, 1994.1 For reasons of
therapeutic and psychophysiologic research, there is a need
for objective measurement of pruritus as has already been achieved
for pain (Bromm, 1989; Bromm et al, 1991; Jones et al, 1991;
Piero et al, 1994; Bromm and Desmedt, 1995; ToÈlle et al, 1999).
Itch is a multidimensional experience. Results of our previous
studies on objective covariates of itch using laser-evoked potentials
(Darsow et al, 1996a), axon re¯ex correlations (Darsow et al,
1996b), and a new multidimensional itch questionnaire (Darsow
et al, 1997a)1 suggest several components of itch perception.
One main component was statistically independent from the
primary stimulus intensity (histamine) or clinical severity of a
pruritic model disease (atopic eczema).1 An impact of psychologic
and cerebral factors on skin in¯ammation is hypothesized, but
the mechanisms (humoral versus antidromic nerve activity)
are unclear (Panconesi, 1984; Tausk et al, 1993; Gupta et al,
1994).
The ®rst and to date only functional imaging study on itch
using positron emission tomography (PET) by Hsieh et al
(1994) used intracutaneous histamine injections of a ®xed
concentration as stimulus. With these methods, coactivation of
the anterior cingulate cortex, supplementary motor area, premotor
area, and inferior parietal lobe was seen. Primary and secondary
somatosensory areas were not signi®cantly activated.
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Intracutaneous injections of histamine can elicit pain (Lindahl,
1961; Woodward et al, 1985; Darsow et al, 1996b). In this PET
study we used an evaluated epidermal stimulus model (Bromm
et al, 1995; Darsow et al, 1996b, 1997b) with increasing
intensity to elicit a pure pruritic sensation without concomitant
and possibly confusing pain. The applied methodology delivers
histamine pain-free to the dermal-epidermal junction, the area
of the skin with the highest itch receptor density (Shelley and
Arthur, 1957; Darsow et al, 1997b). The axon re¯ex ¯are
responses at the stimulus site in this model have been shown to
correlate with itch intensity (Bromm et al, 1995; Darsow et al,
1996b). Thus, a coactivation of skin and cerebral reactions
could be expected. Analysis was performed using a statistical
parametric mapping procedure (SPM 96b), which allowed
correlation of the regional cerebral blood ¯ow as a covariate
of neuroneal activation of the human cerebral cortex (Raichle,
1987) with subjective and objective variables. Dermal reactions
that have been considered to be in¯uenced by central nervous
parameters were coregistered and correlated to cerebral activity.
METHODS
Subjects and paradigm design Six healthy male right-handed
volunteers, mean age 32 6 2 y, with normal brain morphology veri®ed
by magnetic resonance imaging were studied. None had a history of severe
disease; in particular there was no neurologic or pruritic skin disease. All
subjects gave informed and written consent in accordance with the
declaration of Helsinki. The study was approved by the Ethics Committee
of the Medical Faculty of the Technical University Munich.
Each subject received in a single-blinded fashion nine logarithmically
increasing histamine dihydrochloride stimuli of 0.03%-8% on the volar side
of the right forearm with subsequent PET scanning of regional cerebral
blood ¯ow. The concentrations had been determined in a pilot study for
minimizing adaptation effects during the study and to enable correlation
statistics. Three control stimuli with saline (0.9%) were applied for intra-
and inter-individual comparisons. The stimuli were delivered by pain-free
super®cial epidermal punction to the dermal-epidermal junction where the
itch-relating C ®bers are known to end (Shelley and Arthur, 1957), as
described previously in a validation study (Darsow et al, 1996b). Stimuli
were applied on randomized sites adjacent to each other, but outside the
axon re¯ex ¯are area (as observed by erythema). No further distracting or
counterirritant procedures were allowed. The peak intensity of elicited itch
Figure 1. Voxels with signi®cant increase in
regional blood ¯ow 2 min after histamine
puncture in the right lower arm projected
onto a three-dimensional anatomic reference
derived from magnetic resonance imaging.
All voxels with a cluster level signi®cance of at
least p < 0.05 are displayed. For more speci®c area
information refer to Table I. n = 6; nine repeated
scans subtraction analysis versus three saline punc-
ture controls.
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occurred 120 s after administration with a duration of 4-12 min (dose
dependent) and a latency of 35 s. After each PET scan, the subjective itch
intensity was recorded with a 100 mm visual analog scale. Skin reactions
wheal and ¯are (perpendicular diameters), skin temperature (nontactile
infrared thermometry), and heart rate were recorded at 4 min after stimulus
application. Each subject underwent 12 scans, in 15 min intervals.
Materials Histamine dihydrochloride (Sigma) in concentrations of
0.03%-8% was dissolved in puri®ed water in a logarithmic dose pattern.
Standardized skin prick test needles (ALK) were used for stimulus
application (Darsow et al, 1996b). Skin temperature was measured with a
Dermatemp infrared scanner.
PET scanning and image reconstruction The scans were performed
with a Siemens 951 R/31 PET scanner (CTI, Knoxville, TN) in three-
dimensional mode with 10.5 cm total axial ®eld of view (no interplane dead
space). The volunteers remained under standard resting conditions with
closed eyes in dimmed light. A transmission scan (two-dimensional) with
an external 68Ge/67Ga source was initially performed for attenuation
correction. A hundred and twenty seconds after the stimulation, a
semibolus injection of 7 mCi H215O was administered intravenously with
an infusion pump. When the tracer bolus entered the brain (indicated by
the rise in the coincidence-counting rate of the scanner), a 50 s scan was
initiated. Images were three-dimensionally reconstructed by ®ltered back-
projection with a Hanning ®lter (cut-off frequency 0.4 cycles per
projection element) after corrections for randoms, dead time, and scatter.
Thirty-one slices with a 128 3 128 pixel matrix (pixel size 2.0 mm) and
interplane separation of 3.375 mm were obtained.
Statistical analysis Within the SPM routine an analysis of covariance
was performed to remove effects induced by variations in global ¯ow across
subjects and scans. These adjusted regional cerebral blood ¯ow voxel values
were used for subsequent statistical analysis. Appropriately weighted formal
categorical comparisons between resting and activation conditions were
performed on a voxel-by-voxel basis to identify condition-speci®c regional
effects. Thereby, regional cerebral blood ¯ow changes were summarized as
sets of voxel values in SPM[t] maps, which were transformed into normally
distributed Z statistics (SPM[Z] maps). Levels of signi®cance were de®ned
using estimations based on the theory of Gaussian random ®elds.
All statistical results are based on a single-voxel Z threshold of 4.26
(corresponding to p < 0.00001, uncorrected for multiple comparisons).
Resulting activation foci were regarded as signi®cant if they survived a
threshold of p < 0.05 (corrected for multiple comparisons across the whole-
brain volume, based on the theory of random Gaussian ®elds). As the image
data were spatially normalized, activation foci were reported with the
respective stereotactic coordinates.
To assess associations of regional cerebral blood ¯ow increase with the
registered external and psychophysical variables, correlation analysis was
performed on a voxel-by-voxel basis in the SPM routine. For this purpose,
the recorded variables (wheal, ¯are, temperature) were integrated into the
SPM analysis as covariates of interest. Correlation with histamine
concentration was performed following the identical statistical criteria as
for subtraction analysis. As reported in previous studies using similar
approaches, a lower threshold of p < 0.01 corrected for multiple
comparisons, corresponding to a single-voxel Z threshold of 3.72, was
applied for this type of correlation analysis.
RESULTS
Psychophysical and skin reactions Pain was not reported
during the study; all six volunteers reported a localized pure itch
sensation from 0.03% histamine on. Mean itch visual analog scale
ratings ranged from 24 6 15% to 51 6 31%. Autonomic balance
was not changed during the experiments; the heart rates remained
stable. Skin reactions ranged from 2 to 8 mm (wheal) and 4±55 mm
(¯are). Skin temperature was in the range 27.9-34.5°C. NaCl
control mean was 30.78°C, histamine mean was 31.65°C, and thus
a mean skin temperature increase of 0.87°C occurred after
histamine stimulation.
Patterns and correlation analysis of cerebral
activation Subtraction analysis of histamine stimulus versus
control averaged for all six volunteers revealed signi®cant
activation of the left and right primary sensory cortex and both-
sided motor-associated areas (mainly left primary motor cortex,
supplementary motor area (SMA), premotor cortex).
Table I. Talairach coordinates and anatomic substrate
(Talairach and Toumoux, 1988) of the voxels selected for a
cluster level of p< 0.05 describing signi®cantly activated
cerebral areas after histamine application. n = 6.
Coordinates Z score Brodmann
area
Anatomic structure
left hemisphere
±8 ±4 66 5.38 6 SMA
±32 ±32 60 5.22 3 gyrus postcentralis
±32 ±8 54 5.13 4±6 gyrus praecentralis ±SMA
±46 38 4 5.02 45±46 gyrus frontalis medius
±50 4 36 4.91 6±9 premotor/prefrontal cortex
±32 ±48 36 4.80 40 gyrus supramarginalis ±
praecuneus
±48 ±38 14 4.78 22 gyrus temporalis superior
±54 6 20 4.68 44 gyrus frontalis inferior
±6 44 38 4.48 8 gyrus frontalis medialis ±
ant. cingulum
±48 ±14 38 4.35 4 gyrus praecentralis
±32 22 42 4.47 8 gyrus frontalis medius
right hemisphere
30 0 36 5.13 6 gyrus praecentralis/frontalis
medius
20 ±36 64 5.02 3 gyrus postcentralis
Table II. Talairach coordinates and anatomic substrate
(Talairach and Toumoux, 1988) of the voxels positively
correlated with the skin reactions axon re¯ex ¯are, wheal,
and skin temperature at the stimulus sitea
Coordinates Z score Brodmann
area
Side Anatomic structure
Temperature
±18 44 20 5.41 10 left gyrus frontalis superior
±40 ±18 ±4 5.13 left insula
±10 ±16 70 4.97 6 left gyrus frontalis dorsalis
±28 ±40 60 4.90 5 left gyrus postcentralis
±36 ±54 22 4.67 39 left gyrus temporalis medius
24 ±74 8 4.75 right cuneus
36 ±14 18 4.61 right insula
22 ±40 62 4.53 5 right gyrus postcentralis
Erythema
±28 ±36 58 5.06 2±5 left gyrus postcentralis
±42 ±52 20 4.59 22 left gyrus temporalis superior
±32 ±4 56 4.57 6 left gyrus frontalis medius
±42 ±18 ±4 4.57 22 left gyrus temporalis superior
±52 2 34 4.52 6 left gyrus praecentralis
44 ±76 32 4.92 39 right gyrus angularis
22 ±4 38 4.72 24 right gyrus cinguli anterior
24 ±38 62 4.55 5 right gyrus postcentralis
Wheal
±30 ±38 60 5.69 5 left gyrus postcentralis
±52 2 34 4.96 6 left gyrus praecentralis
±10 ±14 66 4.95 6 left gyrus frontalis dorsalis
±18 42 22 4.95 10 left gyrus frontalis dorsalis
±40 ±18 ±4 4.94 left insula
±48 ±18 ±4 4.81 21 left gyrus temporalis medius
±38 ±56 20 4.80 39 left gyrus temporalis medius
±60 16 ±2 4.64 47 left gyrus frontalis inferior
±32 ±6 56 4.52 6 left gyrus frontalis medius
22 ±38 64 5.24 5 right gyrus postcentralis
18 ±86 38 5.13 19 right praecuneus
18 ±72 22 4.87 18 right cuneus
16 ±18 62 4.68 4 right gyrus praecentralis
66 ±36 22 4.63 42 right gyrus temporalis superior
aZ score > 4.5. Cluster level of p < 0.05 describing signi®cantly activated
cerebral areas after histamine application. n = 6.
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Predominantly left-sided activations of prefrontal, orbitofrontal,
and superior temporal cortex and anterior cingulate were also
observed (Fig 1). Talairach coordinates of the identi®ed sites are
given in Table I, with a cut-off cluster level of 0.05.
The skin reactions wheal and ¯are and skin temperature could be
correlated with signi®cant activation patterns involving most of the
sensory, motor, and temporal structures described before
(Table II). The dermal re¯ex components and the vascular edema
(wheal) were differentially associated with the cerebral areas.
Correlation analysis revealed coactivation of dermal reactions and
cerebral response to itch in the following Brodmann areas with a Z
score geater than 5: the wheal correlated with the areas 5 (bilateral)
and 19 (right); the ¯are with areas 2±5 (left); and skin temperature
with area 10 (left) and left insula. The wheal reactions were
associated with a higher number of Brodmann areas than the other
skin reactions.
Activations found by subtraction analysis (Table I) were mostly
con®rmed by correlation analysis with histamine concentration.
Corresponding to the subtraction analysis, correlation of the
histamine concentration to activations of the superior and portions
of the middle temporal gyrus were detected. Also, the left posterior
insula and right inferior parietal cortex were related to the stimulus
intensity. The latter regions had not been identi®ed by subtraction
analysis. Subjective itch intensity rating was associated with the left
SMA and the motor and sensory areas. Right-sided lower Z scores
for this parameter were seen for Brodmann areas 6, 8, 9, and 19.
DISCUSSION
The central nervous processing of itch was mirrored by a complex
pattern of cerebral activation. This included the previously not
shown primary sensory cortex and pronounced increase of regional
blood ¯ow in motor-associated areas. The latter can be seen as a
con®rmation of the old de®nition of itch as a sensation inherently
connected with the urge to scratch. SMA and motor cortex
activation was previously described by Hsieh et al (1994) with a
different stimulus paradigm at the upper arm and other PET
methodology. Using an evaluated pain-free itch stimulus on the
lower arm in a dose-dependency study design, we found speci®c
sensory and motor areas in a bilateral distribution with left-sided
predominance. This can be interpreted as the planning of a scratch
response, and both arms may be involved as the stimulus is given on
the right lower arm: bilateral SMA activations are observed in
complex motor planning (Hsieh et al, 1994). Brodmann areas 4, 6,
and 8 have been described as involved in limb control; area 46 may
play a role in the timing of motor activity (Fuster, 1989; Hsieh et al,
1994). The involvement of the anterior cingulum may point to
emotional components (Jones et al, 1991; ToÈlle et al, 1999).
The ®ndings of Hsieh et al were extended in several points. For
the ®rst time, sensory cortex activation was shown, which is
consistent with functional principles of sensory perception. This
may be due to the re®ned methodology (SPM 96b mapping, other
tracer, correlation analysis including subjective and objective
parameters). The itch model used avoided painful intracutaneous
injections and allowed a pure itch sensation to be investigated.
Dermal reactions were investigated for the ®rst time in this kind of
study.
Extensive bilateral prefrontal cortex activation (Brodmann areas
8, 9, 10, 32, 44, 45, 46) was observed in the study by Hsieh et al
(1994). We also found these areas among others signi®cantly
activated (mostly left-sided) and could correlate area 10 with skin
temperature. Some of these sites are already known to be involved
in sustained attention and association or planning (Fuster, 1989).
Other areas described in this correlation study include sites in the
medial and superior gyrus temporalis. These data show that the
search for a single ``itch center'' in the brain will not lead to a
conclusive result as this concept does not take the multidimension-
ality of the sensation into account.
In a study using a multidimensional itch questionnaire with 103
patients with atopic eczema, a chronically relapsing pruritic skin
disease, we could show by means of principal components analysis
that different main components of clinical pruritus exist. Not all of
them were dependent on the scored eczema severity, merely
representing an autonomic emotional dimension.1
The intraepidermal histamine application model used in this
study for itch elicitation can produce a re¯ex ¯are that is
signi®cantly correlated with the subjects' mean itch intensity visual
analog scale and other parameters derived from it (Bromm et al,
1995; Darsow et al, 1996b). The central nervous activation patterns
correlating with erythema and itch intensity, respectively, coincide
in Brodmann areas 2, 4, 6 (left). This may be due to the fact that
both parameters are in¯uenced by the same histamine effect,
however. Still, the central nervous covariates of skin reactions
measured in this study showed similarities with regard to activations
in the left sensory and motor areas and in the gyrus postcentralis
area 5. As mentioned above, the ¯are, wheal, and temperature
correlation areas nevertheless show distinct differences with regard
to other activated sites. This argues against a simple coactivation of
the investigated variables. Thus, one may speculate on speci®c
interrelations of skin (neurogenic) in¯ammation signs and some
``hot spots'' in the cortex. ``Candidate areas'' could be insula
(temperature, wheal), cuneus, and frontal cortex (all measured skin
reactions), because they show high Z scores for the skin reactions
besides the pure sensory and motor areas. This remains to be
proven by a more speci®c trial, but the hypothesis is intriguing with
the background of the often encountered psychologic in¯uence on
the course of in¯ammatory dermatoses like atopic eczema
(Panconesi, 1984). Different correlation patterns with itch sensation
were obtained experimentally previously (Darsow et al, 1996b) for
the wheal and ¯are reactions and may also be expected because of
their different origin: the ¯are is the result of axonal re¯ex activity
leading to vasodilation, whereas the wheal represents local increase
in vasopermeability (Woodward et al, 1985; Tausk et al, 1993). As
the autonomic balance was not altered during the trial, humoral and
autonomic nerve effects are unlikely to play a signi®cant role in the
association of skin and cerebral activation.
The processing of pruritogenic stimuli showed a rather left-
hemispherically dominated characteristic increase in regional blood
¯ow, which is in contrast to a concept of right-lateralized
processing of nociception (ToÈlle et al, 1999). To date, it is not
clear whether this is a unique feature of the itch sensation. This
underscores again that the stimulus paradigm must be as pain-free as
possible.
The possibility of determining central nervous sites involved in
itch perception by correlating PET imaging and psychophysical
data enables more differentiated understanding of an excruciating
clinical symptom whose complexity has so far resisted the
development of a speci®c antipruritic drug.
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